ABSTRACT
Introduction
living cells are subjected to an impressive amount of genotoxic damage throughout their life cycle. it has been estimated that every cell experiences no less than 5×10 3 -1×10 4 DnA damaging events per day (14) , the amount of damage increasing whenever the level of environmental hazards such as UV irradiation (natural, from sunlight or artificial, from tanning beds, etc.); tobacco smoke; exhaust fumes; industrial or household chemicals, etc. raises below baseline level. Endogenous products of metabolism also play a significant role in generating oxidative damage to cells and tissues. in healthy individuals, the DnA repair machinery of the cell manages and repairs the consequences of the daily genotoxic barrage of external and of internal origin for years and decades before any adverse effects related to genotoxic impact become manifest. There is significant variance, however, even between healthy individuals, in regard to their ability to detect and repair genotoxic damage. Some aspects of this variance exist throughout the life of the individual (genetic factors, such as polymorphisms in genes coding for products acting in the repair of DnA damage), while others (e.g. telomere length) may be the outcome of the genotype/phenotype/environment interplay. Both types of factors determining the individual capacity to repair genotoxic damage, however, have their contribution when determining individual odds for successful resolution of DnA damage of certain types and/or assessing the risk for toxicity of therapies based on genotoxic impact (e.g. cancer therapy). Markers for assessment of capacity to combat genotoxic damage are numerous, all of them having their own impact on the overall potential for cell and tissue repair. Many of these markers have diagnostic and predictive value of their own, while others may only be significant in combination with other markers (12, 24) . Some markers only become of importance when used for assessment in the context of a certain pathological condition and/or particular type of therapy (e.g. eligibility for treatment with certain therapeutic agents). there are several markers, however, which are unequivocally recognized to have intrinsic value under physiological and pathological conditions alike. Among these, prominent are the polymorphisms in the gene coding for p53, and specifically the C-to-G transition in exon 4 which makes for part of the highly conserved prolinerich domain of p53 (2) . the substitution results in either proline (P72) or arginine (R72) at codon 72. the R72 and the P72 p53 variants are indistinguishable in a conformational aspect, have essentially the same capacity to bind their DnA targets, and are both considered wild-type (50) . the P72 variant is, however, a stronger transcriptional activator and inducer of G1 phase cell cycle arrest in the presence of DnA damage than the R72 variant (15, 41, 50) . the P72 variant of p53 has been reported to enhance survival in old age, at the same time increasing the lifetime risk for cancer; whereas the R72 variant has been shown to predict towards poorer outcomes in conditions in which cell apoptosis is a major pathogenetic factor (e.g. cardiovascular disease) (5, 13). A MINI-PANEL  FOR ASSESSMENT OF INTER-INDIVIDUAL VARIATION BETWEEN  THE CAPACITY OF HEALTHY INDIVIDUALS TO REPAIR EVERYDAY  GENOTOXIC INSULTS   Zlatina chicheva  1 , Pavlina chelenkova  1 , Rumena Petkova  1 and Stoyan chakarov XPc, as a component of the XPc-hhR23 complex, is the first participant in the sensing of DNA damage. The binding of XPc-hhR23 to the site of damage triggers a cascade of events that ultimately result in the repair of the lesion by the mechanism of nucleotide excision (neR) (33) . XPc only plays a role in global genome repair (GGR) by NER. GGR is essentially the regular maintenance of genome integrity that is primed for action whenever genotoxic damage occurs, regardless of the transcription status of the genomic region under repair. inborn defects of transcription-dependent neR (e.g. cockayne syndrome, xeroderma pigmentosum complementation groups A, B and D) usually manifest as severe disease, becoming obvious in infancy, central nervous system (cnS) being heavily involved and affected individuals rarely surviving to late childhood. When only GGR is affected, however, as is the case with xeroderma pigmentosum complementation group c, the clinical picture may vary from severe skin cancer susceptibility beginning early in infancy, to milder UV-sensitivity, manifesting later in life, but cnS lesions are generally rare, as neurons are believed to rely exclusively on transcription-dependent DnA repair (36) . XPc and another participant in the neR pathway, XPD, seem to be essentially bearing the brunt of 'tolerable' mutation activity in neR-associated genes, as several polymorphisms in these two genes have been described, whereas random molecular events in other neR proteins usually are noticeable only because of causing severe disease. the XPcins83PAt mutation (26) in intron 9 in an insertion/deletion of 83 bp, the insertion allele of which is believed to result in decreased ability to detect DnA lesions and, therefore, in increased propensity for certain types of cancer, such as lung cancer, esophageal cancer, head and neck cancers and melanoma (7, 9, 27, 30) . carriership of the XPCins83 allele is not obligately related to risk of cancer as its impact is known to be modified by other factors, genetic as well as environmental (e.g. smoking) (31, 42) , therefore its prognostic value is stronger when in combination with other factors.
CHILDREN OF THE SUN, CHILDREN OF THE MOON -
telomeres are ribonucleoproteid complexes capping the ends of linear genomes and protecting them from erosion and genomic instability. telomere shortening is a recognized hallmark of cellular aging and accelerated loss of telomere DnA is observed in numerous human diseases and conditions. in cancers, telomere length may be altered in different ways. longer-than-normal telomeres often seen in transformed cells usually indicate an increased capacity for uncontrolled proliferation, whereas shorter telomeres support the genomic instability of neoplastic cells, thereby promoting their potential for genomic rearrangements which may eventually boost their malignant potential (11, 45) . in myelodysplastic syndrome (MSD), accelerated telomere attrition is a typical feature, preceding the development of leukemia with years and sometimes with decades (46, 51) . the process of neoplastic transformation of skin cells is greatly enhanced by UVirradiation, especially in individuals devoid of natural melanin protection (Fitzpatrick skin types I-III). It has been found that telomere length in skin cells may influence the risk of different types of skin cancer, regardless of UV exposure, with shorter telomeres increasing the risk for basal skin cancer but apparently decreasing the risk for melanoma, while longer telomeres increasing the risk for melanoma-type cancer (19, 35) . the latter is usually explained by delayed senescence in melanocytes with long telomeres, providing increased opportunities for onset of malignant transformation.
Accelerated cellular aging is an important factor in the outcome of many common nonmalignant conditions and diseases in man. cardiovascular disease and insulin resistant diabetes are a prime example, as the rate of aging of target tissues coupled with decreased ability to handle oxidative stress typical of chronic inflammation (3) essentially determines the odds of whether one would experience diabetes complications such as vascular, neurological or retinal pathology.
As genetic factors are present (and presumably play a role) since conception and telomere length may be programmed in utero but its rate of attrition in different cell types may be affected at any time in later life, the choice of markers for the present mini-panel was directed, on the one hand, by the need to be able to assess the status of healthy individuals to combat the daily genotoxic damage and, on the other hand, to be as parsimonious as possible, as duplicating markers which provide essentially the same information may be of use in studying disease, but may be taxing in clinically healthy individuals and/or in subclinical cases.
Materials and Methods
Postprandial peripheral blood from healthy individuals of Bulgarian ethnic origin, aged 20-40 was collected by venepunction after having obtained informed consent. For use in Southern hybridization assays, DnA was extracted according to the procedures described by Sambrook et al. (44) . For PCR purposes, DNA was extracted using STS one-tube kit (Scientific Technological Service, Sofia, Bulgaria).
the P72R polymorphism in the p53 gene was analyzed according to Kruger et al. (28) , with modifications. Initially, a sample of 100 independent chromosomes was selected. After preliminary analysis of data, the size of the sample was increased to 244 independent chromosomes, so as to ensure that the observed deviations from the hardy-Weinberg equilibrium were not biased by sample size. Analysis of the XPcins83 polymorphism was carried out on a sample of 104 independent chromosomes as described by lópez-cima et al. (31) .
For PCR analysis, 20-50 ng of genomic DNA was amplified using STS Taq polymerase, in a 15 ml reaction, for 30 cycles, each cycle consisting of 30 s denaturation at 94 °c; 30 s annealing at 62 °c and 30 s elongation at 72 °c for the P72R polymorphism; and of 30 s denaturation at 94 °c; 30 s annealing at 58 °c and 40 s elongation at 72 °c for the XPCins83PAT polymorphism. For XPCins83PAT, the lengths of the resulting PcR fragments were analysed after electrophoresis in 8 % 29:1 nondenaturing polyacrylamide gels stained with silver nitrate (8) . For analysis of the P72R polymorphism, PcR products were digested with Bsh1236i (Fermentas) which specifically cleaves the Arg72 allele (CGC) but not the Pro72 allele (ccc). the results were analysed in 1.5 % agarose gels stained with ethidium bromide or in 8 % nondenaturing 29:1 polyacrylamide gels stained with silver nitrate (8) .
Statistical analysis of the data, including hardy-Weinberg exact tests was performed using Genepop 4.1. (43) .
telomere length was determined by Southern hybridization, as this method is still the 'gold standard' in determining telomere length, despite the variety of other methods described elsewhere (39) . the analysis was performed using the general protocol for TRF analysis outlined by Allsopp et al. (1), with modifications. Briefly, 2-5 μg high molecular weight DNA was digested with HinfI and RsaI (Fermentas) at 37 °C for 12 hours. Restriction fragments were separated by electrophoresis in 0.8 % agarose gels at 4 V/cm for 3 hours. DnA was depurinated in 0.125 n hcl, denatured in 0.4 n naoh/1.5 M nacl and neutralized in 0.5 М TrisCl /1.5 M NaCl, pH = 7.5. A capillary blot was set up for overnight transfer to a positively charged nylon membrane hybond-n + (GE Healthcare Life Sciences), using 20X SSC as a transfer buffer. After transfer, the membrane was washed in 2X SSc buffer, air-dried and baked at 80 ºc for 2 h under vacuum. the blot was prehybridized for 3 hours in 0.5 ml/cm 2 of high-SDS buffer at 42 ºc, then hybridized overnight at 42 ºc in 0.1 ml/cm 2 hybridization buffer containing 10 pmol/ml of the denatured hybridization probe ([TTAGGG] 3 , 3'-labeled with digoxigenin). After hybridization was complete, stringency washes were carried out twice for 5 min in 2X SSc/0.1 % SDS at room temperature, followed by washing at the temperature of hybridization twice for 15 min in 1X SSc/0.1 % SDS. the washed membrane was equilibrated at ph 7.5, incubated with anti-DIG antibody coupled with alkaline phosphatase (Roche), then equilibrated to ph 9.5 and exposed to chemiluminiscent substrate (cDP-Star, Roche) for 5-10 minutes at room temperature. Visualization of the chemiluminescent signal was carried out by autoradiography. Data analysis was performed by densitometry of the X-ray images.
Results and Discussion
P53 P72R polymorphism the diploid distribution of the alleles of the P72R polymorphism of the p53 gene was found to be unusual, though not grossly distorting the hardy-Weinberg equilibrium. namely, the proportion of observed P/P homozygotes in a sample of 100 independent chromosomes was twice as low as it could be expected solely from the allele frequencies (3.5 % observed vs. 7 % expected). the size of the sample was therefore increased to 244 independent chromosomes, without major change in the ratio of PP against other genotypes, it was still lower than expected with P/P homozygotes in the 244 independent chromosomes sample barely over 5 %, while expected to be about 8 %.
the P allele could not be described as 'rare' in the studied population by any criteria, since it exhibited a general frequency of 0.279 (Table 1) , but, still, it was usually seen in a heterozygous combination with the R allele (P/R heterozygote, in our sample at a frequency of 0.45). F is computed as in Weir and cockerham (52) had a low negative value, as could be expected in a population with a high degree of observed heterozygocity. the R allele was seen with a frequency of 0.721 ( Table 1) . R/R homozygote was the most commonly seen genotype, at a frequency of about 0.5.
These findings are likely to reflect the general clinal and ethnical variation of the prevalence of the P allele in the northsouth direction, the frequency of P decreasing with increase of latitude varying from 60-70 % near the equator, to 15-20 % in the far north (4, 47) . it has been established that that the R allele of p53 increased the propensity for apoptosis of cells with damaged DnA by a p53-dependent mechanism, whereas the P allele would rather induce a cell cycle arrest in order to assess and repair genotoxic damage (15, 41) . homozygous carriership of the P allele may, with age, result in accumulation of unrepaired DnA damage that might eventually trigger neoplastic transformation. the R allele, on the other hand, is believed to be related to susceptibility to sunburn (18) , which is also a known risk factor for skin cancer. the explanation for the latter may lie not only in the fact that the occurrence of sunburn is likely to indicate that the individual might have experienced enough UV damage so as to trigger a neoplastic process in skin, but also that the inflammation accompanying the sunburn generates enough reactive oxygen species (RoS), increasing the risk for genotoxic damage of types other than damage directly induced by UV. cells with the R allele, however, are more prone to generating high levels of p53, and, consequently, to rerouting to apoptosis when DnA damage is assessed to be above a certain threshold than the P-allele carrying cells. it could be speculated that historically the P allele might have been beneficial and selected for in geographic areas where there were additional factors protecting the skin and mucosa from UV damage such as high eumelanin content of the skin. Under melanin protection, there might have been less pressure to select against the P allele, as the carriers would have had significant anti-UV protection already. On the other hand, recently it has been repeatedly demonstrated that the P allele may actually constitute a risk factor for reproductive failure in mammals, as the implantation of the embryo is dependent upon the uterine leukemia inhibitory factor (LIF), its transcription being regulated via a p53-dependent mechanism (17, 25) . therefore, in melanin-protected human populations the mechanism of natural selection would not select actively against the P72-allele, as it does not significantly affect survival in conditions where the most common pro-carcinogenic environmental factor is plentiful and practically unavoidable, and reproductive disadvantage would only have come forward when the survival to reproductive age was ensured. Fair-skinned human populations, which were historically dependent on the UV to obtain the necessary amount of vitamin D3, would, however, experience selection against the P72 allele because of the risk of accumulation of unrepaired DnA damage. Since the reproductive disadvantage of the P72 allele seems to be significant only in females younger than 35 years of age (25) (signifying that infertility in older women is usually related to causes other than p53 codon 72 status), the balance between producing enough vitamin D3 to keep oneself healthy and fit for reproduction and, at the same time, warding off cancerous skin transformation would clearly weigh towards the R allele both in younger and older females devoid of the advantages of melanin protection.
XPCins83PAT polymorphism the allele distribution in our sample of healthy individuals was 0.539 for the del allele vs. 0.461 for the ins allele ( Table 1) , very close to the 'ideal' 50:50 distribution of a biallelic polymorphism. There was a statistically significant (P < 0.05) excess of homozygotes, however, 67 % of the sample, which differed from the expected value of close to 50 % and, respectively, a positive value of F is as in (52) . the XPc ins allele is believed to be associated with lower capacity for neR repair of the GGR type, increasing the lifetime risk for certain malignancies. the correlation between ins allele carriership and cancer risk, however, has not been clarified yet, even in the homozygous state, but it has been proposed that the XPcins83PAt may exert its influence only when coupled with carriership of certain allelic forms of other polymorphisms which modulate the capacity for DnA repair, such as other neR repair genes (38, 42) and, probably, the p53 polymorphism, specifically the P allele. Differences between the frequencies of the two alleles of the XPcins83PAt polymorphism have been observed in various populations (7, 26, 32, 34, 53) . Generally, the frequency of the del allele prevails over the frequency of the ins allele, with del allele prevalence of 75 % in Asian populations, to roughly 40 % in european populations, down to 35 % in USA and canada. the value of 52 % prevalence of the del allele observed in our sample is likely to reflect the heterogeneous structure of the Bulgarian population which contains a considerable component both of european and Asian origin.
the allele frequencies observed in this study for the p53 P72R and XPcins83PAt polymorphisms are presented in Table 1 .
Telomere length and attrition of telomere ends telomere length is a major part of the clocking mechanism determining the replicative fitness of eukaryotic cells. In most somatic cells telomerase activity is undetectably low, attrition of tens to hundreds of bp from the chromosome ends occurring with every cell division.
Shortening telomeres below certain threshold length triggers the process of cellular senescence, unless, of course, the cell has found either a way to reactivate telomerase activity or to resynthesize chromosome ends via alternative pathways (10, 20, 49) . Restoring the ability to replenish lost telomeric DnA in somatic cells is usually coupled with immortalization and, sometimes, with neoplastic transformation (48) . in healthy individuals telomere shortening normally becomes significant only after a certain number of cell divisions, that is, after certain age. in certain human diseases and conditions, chromosome end attrition may be faster than the normal rate, with cells losing their telomere length faster more likely to enter senescence prematurely. it has been demonstrated that chronic inflammation and the related oxidative stress characteristic of cardiovascular disease may cause telomere attrition in the cells of the blood vessel wall at a rate faster than normal for sex-and age-matched controls (21, 23) . it has been demonstrated, however, that aging in cell populations is preceded by accumulation of telomeres below certain critical length rather than being automatically triggered by the appearance of first chromosomes with short telomeres (29) . Apparently, the pathological process must progress for some time before accelerated cell aging begins. The Framingham Risk Score, which assesses the 10-year risk for cardiovascular incidents shows that in the healthy young population (18-29 years) the risk score is between 1 and 10 %, depending on a variety of factors, including cholesterol levels, which means that subclinical atherosclerotic changes are actually present even in this traditionally low-risk group (6) . Accelerated aging of the walls of the blood vessels is a major factor in the occurrence of cardiovascular accidents, and telomere length may be a useful marker determining the risk for an accident in the future. it is noteworthy, however, that the absolute value of telomere length is not a predictor of cell aging per se, rather, the rate of attrition of chromosome ends may serve as an indicator that the replicative capacity of the cellular population is diminishing at a rate more rapid than usual. it has been shown that the rate of attrition of telomere ends is proportional to the length of the 3'-single-stranded G-rich region of the terminal t-loop of the telomere complex, so that chromosomes with longer single-stranded G-rich regions would lose more of their telomeric DnA per cellular division (22) . therefore, the initial age-and sex-matched length of the telomeres from cells isolated from peripheral blood is significant so as to indicate the general status of the capability for cell and tissue renewal, but there are other factors, of metabolic as well as of genetic nature, which may play a role in the onset of aging of cells and tissues (among the factors of genetic origin prominent are the factors participating in constituting capacity for DnA repair, such as p53 and XPc). the length of the telomeres of peripheral leucocytes in the larger part of our sample fell generally within the wide-normal range (5.5-7 kb), with several occurrences of shorter-than-average telomeres (≤ 5 kb), largely in individuals over 30 years of age. the dynamics of the telomere length in these individuals remains to be seen within a planned 18-month follow-up period.
Possible aspects of application of the mini-panel
Findings of shorter-than-average telomeres, coupled with genetic data about diminished and/or altered capacity to repair genotoxic insults of endogeneous and environmental origin (namely, the status of the individual by the p53 P72R and the XPcins83PAt polymorphisms) could serve as an indicator that the individual may benefit from improving the protection from environmental factors that are known to increase the amount of genotoxic DnA damage (e.g. UV, tobacco smoke, industrial chemicals, etc.). in premalignant states, such as MSD, affected individuals may greatly benefit from intervention which may delay the onset of overt hematological neoplasia and/or ameliorate the clinical course. Knowledge about the rate of telomere attrition may prompt for action earlier, supposedly yielding better control over the condition, while data on the individual capacity for management of genotoxic stress may assist in better selection of antineoplastic therapies. UVinduced skin damage is repaired by various mechanisms, in which neR is prominent, and knowledge about genetic predisposition to faulty neR repair may play a role in individual choices of lifestyle and health habits. Personal data obtained from the mini-panel might prompt for more careful monitoring of the imminent metabolic changes concomitant with chronic inflammation (e.g. levels of glucose, ferritin, and glycated hemoglobin levels in diabetes type 2), so that early intervention policies could be established.
Assessment of liability to accelerated cellular aging could also be used in medical prognostication when the associated disease or condition is already established. it has been already demonstrated that the R variant of p53 is associated with higher risk of recurrence of coronary atherosclerotic disease (5) . oxidative stress has long been known to be a part of the pathogenetic mechanism in diabetes type 2 and one of the major factors in development of complications (3, 40) . carriership of the R allele, as a factor predisposing to apoptosis in stressed cells may work towards increasing the risk for accelerated vascular aging in patients with diabetes type 2. the latter is a common complication of diabetes type 2, but does not occur in all patients and is suspected to be closely related to the individual capacity to handle oxidative stress (16, 37) .
